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(54) Optical disc drive 

(57) An optical disc drive is provided which is com- 
patible with a plurality of types of optical discs different 
in track pitch from each other to write and/or read data 
into and/or from a loaded one of such optical discs. It 
comprises a first pickup provided for a first optical disc 
having a first track pitch; a second pickup provided for a 
second optical disc having a second track pitch smaller 
than the first one; a focus servo circuit to control a focus 
servo of the first and second pickups and pull in the 
focus servo, based on a focus error signal; a tracking 
servo circuit to control tracking of the first and second 
pickups based on a tracking error signal; and a control 



circuit to start pulling in the focus servo using the first 
pickup with respect to an optical disc loaded, detect, 
based on the focus error signal resulted from the focus 
servo pull-in operation, that the first pickup is in a neariy 
perfect focus, move the first pickup radially of the disc 
when the first pickup is in the nearly perfect focus, and 
judge the loaded optical disc as the first one when a 
tracking error signal is detected during the radial move 
of the first pickup, or as the second one when no track- 
ing error signal is detected during the radial move of the 
first pickup. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an optical disc 
drive compatible with a plurality of types of optical discs 
of different track pitches to write and/or read data into 
and/or from a loaded one of such optical discs. 

Description of Related Art 

Compact discs (CD) as optical storage media are 
widely prevailing. The CD-type optical discs are used in 
various field including musical applications. The com- 
pact discs for the musical applications are usually of the 
read-only type. Further, write-once type compact discs 
called CD-R have also been developed. 

Further, optical discs called digital versatile 
disc/digital video disc have also been developed which 
are suitable for multimedia applications. They are pro- 
posed for many purposes such as storage of video data, 
audio data and computer data. Owing to the reduction 
of recording track pitch and the data compression tech- 
nology, the DVD has a remarkably increased capacity of 
recording though its size is same as that of the CD (12 
cm in diameter). 

Optical discs of new different types have been and 
will possibly be developed more and more. In these sit- 
uations, it is desired to provide an optical disc drive 
compatible with such newly developed types of CDs as 
well as conventional optical discs. 

As far as the above-mentioned DVD is concerned, it 
is desired to develop an optical disc drive compatible 
with CD as well. To accommodate the differences in 
layer structure and other factors between CD and DVD, 
however, the optical disc drive for both CD and DVD 
should incorporate two pickups (or some elements of an 
optical system used in the pickup), one for CD and the 
other for DVD. Therefore, the dedicated pickups should 
be selectively used depending upon whichever is 
loaded in the optical drive, a CD or DVD. 

In an optical disc drive in which such certain ele- 
ments thereof are selectively used for the optical drive 
to be compatible with a plurality of different types of opti- 
cal discs, it is necessary to accurately discriminate the 
type of an optical disc loaded in the optical drive. 

In the case of a cartridge disc, namely, an optical 
disc housed in a cartridge, the type of an optical disc 
loaded in the optical disc drive can easily be judged by 
means of an ID hole or the like provided on the car- 
tridge. However, a mechanical discriminating means 
like the ID hole cannot be adopted for discrimination of 
optical discs not encased in a cartridge and having a 
same size, like the above-mentioned CD and DVD. 

Furthermore, use of sensors, and special parts 
intended for discrimination of the disc type is not desira- 



ble since they would add to the structural complexity 
and costs of manufacture of the optical drive products. 

SUMMARY OF THE PRESENT INVENTION 

5 

To meet the above-mentioned needs, the present 
invention has an object to provide an optical disc drive 
compatible with both an optical disc having a large track 
pitch and a one of which the track pitch is small and 
w adapted to accurately and simply discriminate the type 
of a loaded one of such optical discs. 

The above object can be accomplished by provid- 
ing An optical disc drive compatible with a plurality of 
types of optical discs of different track pitches to write 
75 and/or read data into and/or from a loaded one of such 
optical discs, comprising a first pickup provided for a 
first optical disc having a first track pitch, a second 
pickup provided for a second optical disc having a sec- 
ond track pitch smaller than the first one, a focus servo 
20 circuit to control a focus servo of the first and second 
pickups and pull in the focus servo, based on a focus 
error signal, a tracking servo circuit to control tracking of 
the f irst and second pickups based on a tracking error 
signal and a control circuit to start pulling in the focus 
25 servo using the first pickup with respect to an optical 
disc loaded, detect, based on the focus error signal 
resulted from the focus servo pull-in operation, that the 
first pickup is in a nearly perfect focus, move the first 
pickup radially of the disc when the first pickup is in the 
30 nearly perfect focus, and judge the loaded optical disc 
as the first one when a tracking error signal is detected 
during the radial move of the first pickup, or as the sec- 
ond one when no tracking error signal is detected during 
the radial move of the first pickup. 
35 Further more, the above object can also be accom- 
plished by providing an optical disc drive compatible 
with a plurality of types of optical discs different record- 
ing densities to write and/or read data into and/or from a 
loaded one of such optical discs, comprising a pickup 
40 means provided with a first light source to provide a 
laser beam of a first wavelength, and a second light 
source to provide a laser beam of a second wavelength 
shorter than the first one, and which radiates a laser 
beam from the first or second light source to an optical 
45 disc loaded in the optical disc drive, a servo processor 
for controlling focus and tracking servos of the pickup 
means based on an error signal and tracking signal and 
a means for discriminating the type of a loaded optical 
disc based on the level of a tracking error signal 
so included in a return component of the laser beam irradi- 
ated to the optical disc. 

Further more, the above object can also be accom- 
plished by providing an a method of discriminating a 
plurality of optical discs of different track pitches, com- 
55 prising the steps of moving an optical disc loaded in an 
optical disc drive in a direction toward and away from an 
objective lens, radiating a laser beam from a light 
source to a signal plane of the optical disc through the 
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objective lens being moved, detecting a tracking error 
signal contained in the reflected beam from the signal 
plane and discriminating the type of the loaded optical 
disc based on the level of the detected tracking error 
signal. 

The optical disc drive according to the present 
invention can discriminate, without actuation of the 
focus servo, an optical disc having a large track pitch 
from a one having a small track pitch based on a track- 
ing error signal detected when the pickup is present in 
the vicinity of the in-focus point. Thus, the optical disc 
drive according to the present invention can discrimi- 
nate optical disc types one from another using no sen- 
sors, and special parts and others intended for 
detecting the type of an optical disc loaded in the drive. 

Also, the optical disc drive according to the present 
invention can achieve a high speed of disc discrimina- 
tion since only one pickup is used for the disc discrimi- 
nation. 

Furthermore, the optical disc drive according to the 
present invention can read and write, in a reduced time, 
data into and from a large track-pitch optical disc loaded 
in the drive since the CD focus loop can be pulled in 
while the disc type is being discriminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These objects and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the optical disc drive compatible with both CD and DVD 
according to the present invention when taken in con- 
junction with the accompanying drawings in which: 

FIG. 1 is an explanatory drawing showing the struc- 
tures of optical discs with which the optical disc 
drive embodied of the present invention is compati- 
ble; 

FIG. 2 is a perspective view of a mechanical deck of 
the optical disc drive of the present invention; 
FIG. 3 is a block diagram of essential parts of the 
optical disc drive of the present invention; 
FIG. 4 is an explanatory drawing of a quadrature 
detector employed in the optical disc drive of the 
present invention; 

FIG. 5 is a block diagram of a servo processor used 
in the optical disc drive of the present invention; 
FIG. 6 is an explanatory drawing showing the rela- 
tion between an optical disc and objective lens dur- 
ing focus servo control; 

FIG. 7 is another explanatory drawing showing the 
relation between the disc and objective lens during 
focus servo control; 

FIG. 8 shows waveforms of focus error signal and 
other signals for explanation of the operation of pull- 
ing in a focus servo loop; 

FIG. 9 is a flow chart of disc discriminating opera- 
tions of a system controller used in the optical disc 



drive of the present invention; 
FIG. 10 is another flow chart of disc discriminating 
operations of a system controller used in the optical 
disc drive of the present invention; 

5 FIG. 1 1 shows waveforms of signals generated dur- 
ing disc discriminating operation of an optical disc 
drive embodied of the present invention; 
FIG. 12 also shows waveforms of signals generated 
during disc discriminating operation of an optical 

10 disc drive of the present invention; and 

FIG. 13 shows waveforms of signals generated dur- 
ing disc discriminating operation of an optical disc 
drive of the present invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, the structures of a CD, 
DVD and CD-R will be discussed first herebelow prior to 

20 proceeding to the description of the optical disc drive 
compatible with both CD and DVD according to the 
present invention. Note here that the CD. DVD and CD- 
R are all of 12 cm in diameter as shown. 

FIGs. 1A, 1B and 1C are sectional views, respec- 

25 tively, showing the layer structures of CD, CD-R and 
DVD. respectively, each of 1.2 mm in entire disc thick- 
ness. 

In FIG. 1 A. the CD is generally indicated with a ref- 
erence numeral 1 00. The CD 1 00 comprises a disc sub- 
so strate (transparent layer) 101 made of a transparent 
synthetic resin having a high optical transmittance and a 
mechanical or chemical resistance, such as transparent 
polycarbonate, polyvinyl chloride, acrylic resin or the 
like. The disc substrate 101 has a signal plane 102 
35 formed by pits transferred to one of the major sides of 
the substrate 101 by a stamper built in a molding die. 
Being small encoded depressions of different circumfer- 
ential lengths correspondingly to given information sig- 
nals, the pits thus formed in the signal plane 102 define 
40 together a recording track. The recording track is 1 .6 jim 
wide. 

Over the surface of the disc substrate 101 having 
the signal plane 1 02 there is deposited aluminum or the 
like having a high reflectivity to form a reflective layer 

45 103. Further, a protective layer 104 is provided on the 
reflective layer 103. These layer elements and disc sub- 
strate form together the CD 100. 

For data reading, a laser beam emitted from the 
optical disc drive will be incident from a disc face 105 

so upon the signal plane 102, and information recorded in 
the signal plane 1 02 will be detected from a return beam 
from the disc. 

The CD-R 110 shown in FIG. 1B is a recordable 
media. It has the same physical properties (diameter. 

55 weight and thickness) and storage capacity as the CD 
100. The CD-R 1 10 is rather suitable for more econom- 
ical small production and has a longer service life than 
the CD 100. Therefore, the CD-R 110 is more suitable 
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for data reservation purpose. 

As in the CD 1 00, the CD-R 1 1 o comprises a trans- 
parent disc substrate 111 (made of polycarbonate) 
located next to a disc face 1 16. 

The CD-R 110 further comprises an organic dye s 
layer 114, reflective gold layer 1 13 and protective layer 
1 15 formed as laminated in this order on the disc sub- 
strate 111. Also, the disc substrate 1 1 1 has formed ther- 
eon grooves serving to guide the irradiation of laser 
beam. The grooves are covered with the organic dye w 
layer 114. When a laser beam is incident upon the opti- 
cal disc, a reaction will take place between the organic 
dye layer 114 and polycarbonate-made disc substrate 
1 1 1 under the effect of the laser beam heat to form pits 
corresponding to given information signals. The pits is 
thus formed define together a signal plane 112 carrying 
an actual data. 

Similarly, the DVD 120 comprises a disc substrate 

121 located next to a disc face 128, and a signal plane 

on a side of the disc substrate 121 opposite to the disc 20 
face 128 as shown in FIG. 1C. The DVDs having so far 
been proposed include two types: a single-layer disc 
having a single signal plane, and a double-layer disc 
having two signal planes, the latter being shown in FIG. 
1C. The two signal planes are a first signal plane 122 2s 
and second signal plane 124. The first signal plane 122 
and a first reflective layer 123 associated with the plane 

1 22 define together a first data recording layer, while the 
second signal plane 124 and a second reflective layer 
125 associated with the plane 124 define together a 30 
second data recording layer. 

The DVD further comprises an adhesive bond 
(layer) 126 provided on the second reflective layer 125 
and by which a dummy substrate 127 is bonded to the 
second reflective layer 125. 35 

The first reflective layer 123 is translucent to reflect 
a predetermined proportion of the incident laser beam. 
Thus, when the laser beam is focused on the first signal 
plane 122. signals recorded in the first signal plane 122 
can be read from the light reflected off the first reflective 40 
layer 123. When the laser beam is focused on the sec- 
ond signal plane 124, it is passed through the first 
reflective layer 123 and collected onto the second signal 
plane 124. Signals recorded in the second signal plane 
124 can thus be read from the return beam from the as 
second reflective layer 125. 

In a single-layer disc, a signal plane and reflective 
layer are formed like the second signal plane 124 and 
second reflective layer 125. 

It should be noted that in the following description of so 
the embodiments of the present invention, the first sig- 
nal plane 122. second signal plane 124 and a signal 
plane of a single-layer disc will be simply referred to as 
"signal plane" and as "signal plane 122" in the drawings 
with reference to which the present invention will be 55 
described herein, commonly to both the single-layer 
disc and double-layer disc. 

As apparent from FIGs. 1 A and 1 B, each of the sig- 
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nal planes 102 and 1 12 of the CD 100 and CD-R 110, 
respectively, is located near the extremity of the disc 
thickness in a view from each of the disc faces 105 and 
116 (namely, the signal planes 102 and 112 on which 
the laser spot is to be focused are located at a position 
of about 1.2 mm from the disc faces 105 and 116, 
respectively). 

On the other hand, the signal plane 1 22 (1 24) in the 
DVD 1 20 is located near the middle of the disc thickness 
in a view from the disc face 128 (namely, the signal 
plane 122 (1 24) on which the laser spot is to be focused 
is located at a position of about 0.6 mm from the disc 
face 128). 

The pitch of the track formed in the signal plane 1 22 
(124) of the DVD 120 is 0.74 urn, which is as narrow as 
approximately one half of that (1.6 urn) of the CD 100 
and CD-R 110. Also, the density of recording by the pits 
formed in the signal plane 122 (124) is high as com- 
pared to that in the CD 100 and CD-R 110. 

Because of the above differences, a DVD drive will 
use a pickup using a reading laser of 650 nm or less in 
wavelength and an objective lens having an NA (numer- 
ical aperture) of 0.6, and optimally designed to focus a 
laser spot at a position about 0.6 mm from the disc face 
128. Namely, the pickup for the DVD should preferably 
be different from those for the ordinary CDs. 

With an optical disc drive compatible with both CD 
and DVD. adopting the above-mentioned pickup design, 
it is not impossible to read information from the signal 
plane 102 of the CD 100 wfth a laser beam having a 
wavelength of 650 nm or less. Also, it is possible to 
focus a laser spot at a position of about 1 .2 mm from the 
disc face 105 of the CD 100. 

Actually, however, it would be better to employ in 
the CD/DVD-compatible optical disc drive, if possible, a 
pickup device optimized in various characteristics 
thereof for the CD 100 as well, which will be advanta- 
geously effective for data reading, too. 

Further, the CD-R 1 10 will be discussed further her- 
ebelow. The CD-R 110 has the organic dye layer 114 
which has a dependency upon wavelength. So, data 
cannot accurately read from the CD-R 1 TO using a laser 
beam of 650 nm or less. 

In the CD-R 110, its organic dye layer 114 will 
absorb an increased quantity of incident laser beam of 
650 nm or less in wavelength illuminated to the disc but 
reflect it with a reduced coefficient, and the laser beam 
is less modulated by the pits in the signal plane. Also, 
when recording data into the CD-R 110, pits will be 
formed for a suitable absorptivity and reflectivity for a 
laser of 780 nm in wavelength. Thus, a sufficient modu- 
lation cannot be achieved when it is tried to read data 
recorded with such pits using a laser having any other 
wavelength than 780 nm. 

As known from the foregoing, it will be well under- 
stood that in an optical disc drive compatible with both 
CD 100 (CD-R 1 10) and DVD 120, at least the objective 
lens and laser source should preferably be dedicated for 
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each of the optical discs to be used with the optical disc 
drive. 

Referring now to FIGs. 2 through 5. a description 
will be made herebelow of an example, only illustrative 
and not limitative, of the construction of an optical disc 
drive compatible with both CD 1 00 (CD-R 1 1 0) and DVD 
1 20, according to the present invention. The optical disc 
drive comprises a pickup for the CD 1 00 and CD-R 1 1 0, 
and a one for the DVD 120. Note that the CD 100, CD- 
R 110 and DVD 120 will collectively be referred to sim- 
ply as "disc D" in the following description. 

FIG. 2 is a perspective view of a readback or play- 
back drive (so-called mechanical deck) in an optical disc 
drive. 

The mechanical deck is provided on a sub chassis 
1 1 thereof with various mechanisms necessary for driv- 
ing and reading the disc. A disc D loaded into the optical 
disc drive will be placed on a turntable 7 which will be 
driven by a spindle motor 6 to spin the disc D. 

The optical disc drive has, within an enclosure, a 
pickup unit 1 comprising a CD pickup 1a comprising an 
optical system and laser source optimized for the CD 
100 (CD-R 110) and a DVD pickup 1b comprising an 
optical system and laser source optimized for the DVD 
120. The CD and DVD pickups 1a and 1b are independ- 
ent of each other. The CD pickup 1 a adopts a CD objec- 
tive lens 2a to provide a laser output. The laser output 
terminal of the DVD pickup 1b is a DVD objective lens 
2b. 

The pickup unit 1 is adapted to be slidable by a so- 
called sled mechanism 8 in the direction of the disc 
radius. For this sliding, a main shaft 8a and sub shaft 12 
are provided on either end of the pickup unit 1 as 
shown. The pickup unit 1 has a holder 8g provided at 
one end thereof and another holder (not shown) at the 
opposite end. The main shaft 8a extends through the 
holder 8g while the sub shaft 12 extends through the 
other holder (not shown) . Thus, the pickup unit 1 is sup- 
ported by the main and sub shafts 8a and 1 2 for sliding 
on and along the shafts. 

A sled motor 8b, and sled transmission gears 8c, 8d 
and 8e are provided to allow the pickup unit 1 to slide on 
the main and sub shafts 8g and 12. Also, a rack gear 8f 
is installed near the holder 8g of the pickup unit 1 . 

When the sled motor 8b is put into rotation, its rota- 
tion is transmitted to the sled transmission gears 8c, 8d 
and 8e. The sled transmission gear 8e is in mesh with 
the rack gear 8f, so that the transmitted rotation of the 
sled motor 8b will slide the pickup unit 1 on the main and 
sub shafts 8g and 1 2. Therefore, as the sled motor 8b is 
driven in the forward or reverse direction, the pickup unit 
1 in a direction toward or away from a disc D on the turn- 
table 7. 

The pickup unit 1 has a skew sensor 1 0 as shown in 
FIG. 3 to detect a tilt of the pickup unit 1 relative to a disc 
D on the turntable 7. The skew sensor 10 detects such 
a skew, namely, a tilt of the disc D with respect to the 
optical axis of the objective lens, through measurement 
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of a quantity of reflected light or return beam, from the 
disc D by a two-element or binary detector. By driving a 
skew motor which is to adjust, for example, a tilt of the 
pickup unit 1 based on a skew state detected by the 

5 skew sensor 10, the tilt of the pickup unit 1 can be 
adjusted to that of the disc D loaded, for thereby elimi- 
nating a tilt of the pickup unit 1 relative to the disc D. 

FIG. 3 is a block diagram of essential parts of the 
optical disc drive according to the present invention. 

10 A disc D is placed on the turntable 7 also shown in 
FIG. 2. To read data, the disc D is spun by the spindle 
motor 6 at a constant linear velocity (CLV) or constant 
angular velocity (CAV). 

Thus the pickup unit 1 reads data recorded in the 

75 form of pits on the disc D. As mentioned above, the 
pickup unit 1 includes two types of pickup: CD pickup 1a 
and DVD pickup 1b, to be used independently of each 
other. 

The CD pickup 1a has an optimum optical system 

20 for the CD 100 and CD-R 1 10. In the optical system, a 
laser diode 4a as laser source provides a laser beam of, 
for example, 780 nm in central wavelength, and a CD 
objective lens 2a has a numeral aperture (NA) of 0.45. 
The CD objective lens 2a is held by a biaxial mechanism- 

25 3a for movement in tracking and focusing directions. 

The DVD pickup 1b has an optimum optical system 
for the DVD 120. In this optical system, a laser diode 4b 
as laser source provides a laser beam of. for example. 
650 or 635 nm in central wavelength, and a DVD objec- 

30 tive lens 2b has a numeral aperture (NA) of 0.6. The 
DVD objective lens 2b is held by a biaxial mechanism 3b 
for movement in tracking and focusing directions. 

For a disc D being the CD 100 (or CD-R 110), the 
CD pickup 1a is used for data reading from the disc D. 

35 Information contained in reflected light or return beam 
from the disc D is detected by a detector 5a, converted 
to an electric signal corresponding to a detected quan- 
tity of light, and supplied to an RF amplifier 21a. 

For a disc D being the DVD 120, the CD pickup la 

40 is used for data reading from the disc D. Information in 
reflected light from the disc D is detected by a detector 
5b, converted to an electric signal corresponding to a 
detected quantity of light, and supplied to an RF ampli- 
fier 21b. 

45 Each of the RF amplifiers 21a and 21b is comprised 
of a current-voltage conversion circuit, amplifier circuit, 
matrix calculation circuit, etc. to produce necessary sig- 
nals based on signals from the detectors 5a and 5b, 
such as an RF signal (data to be reproduced), a focus 

so error signal FE used for servo control, a tracking error 
signal TE, a pull-in signal PI being a so-called sum sig- 
nal, etc. 

As the detectors 5a and 5b, a so-called quadrature 
or quad detector which consists of four detector ele- 
55 merits A, B, C and D, as shown in Fig.4. is used. With 
this detector, a focus error signal FE is generated 
through a calculation (A + C) - (B + D) of the outputs 
from the quad detector using a so-called astigmatism. 
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Also, a pull-in signal PI is generated as a result of a cal- 
culation (A + B + C+ D)ina similar manner. 

The tracking error signal TE may be generated 
through a calculation (E - F) of outputs from side-spot 
detectors E and F provided beside the quad detector 
shown in FIG. 4 with a so-called three-beam method 
taken in consideration, or it may be generated as a 
push-pull signal or the like from the quad detector. 

Various signals generated by the RF amplifier 21a 
are supplied via a switch 22 to an RF processor 25, 
servo processor 31 and system controller 30. For a disc 
D being the CD 100, the switch 22 is placed for a posi- 
tion T CD for the RF amplifier 21 a. The RF signal (data to 
be reproduced) from the RF amplifier 21a is supplied to 
the RF processor 25, focus error signal FE, tracking 
error signal TE and pull-in signal PI are given to the 
servo processor 31, and pull-in signal PI and tracking 
error signal TE are further supplied to the system con- 
troller 30. 

Also, a variety of signals generated by the RF 
amplifier 21b are supplied via the switch 22 to the RF 
processor 25, servo processor 31 and system controller 
30. For a disc D being the DVD 120, the switch 22 is 
placed for a position T DV for the RF amplifier 21b. The 
RF signal (data to be reproduced) from the RF amplifier 
21b is supplied to the RF processor 25, focus error sig- 
nal FE. tracking error signal TE and pull-in signal PI are 
supplied to the servo processor 31 , and pull-in signal PI 
and tracking error signal TE are further supplied to the 
system controller 30. 

The RF signal (data to be reproduced) derived from 
the RF amplifier 21a or 21b is binary-coded or other- 
wise processed by the RF processor 25 into a so-called 
EFM signal (eight-of -fourteen modulated signal for CD) 
or EFM+ signal (eight-of-sixteen modulated signal for 
DVD), and supplied to a decoder 26. The decoder 26 
effects EFM modulation, CIRC decoding, etc. and also 
CD-ROM decoding, MPEG decoding, etc. as neces- 
sary, to reproduce information read from the disc D. 

The servo processor 31 generates focus, tracking, 
sled and spindle servo drive signals from a focus error 
signal FE and tracking error signal TE from the RF 
amplifiers 21a and 21b, and from spindle error signal 
SPE, etc. derived from the decoder 26 or system con- 
troller 30, respectively, to perform servo operations. 

As seen from FIG. 5, the servo processor 31 com- 
prises a focus servo circuit 31, focus OK circuit 31b, 
tracking servo circuit 31c, sled servo circuit 31d, spindle 
motor servo circuit 31 e, and a laser power control circuit 
31f. Each of these control circuits in the servo processor 
30 is supplied, and controlled, with a control signal from 
the system controller 30. 

The focus servo circuit 31a is supplied with a focus 
error signal FE. Then, based on the supplied focus error 
signal FE, the circuit 31a will generate a focus drive sig- 
nal which will be supplied via a selector 24 to focus driv- 
ers 17a and 17b which will thus be controlled to focus 
laser beam on the signal plane 102 (or 112 or 122) of 



the disc D. It should be noted that the focus servo circuit 
31a controls the focus servo with a predetermined 
phase characteristic by means of, for example, a DSP or 
the like. The system controller 30 changes the phase 

5 characteristic based on the type of a disc D loaded in 
the optical drive. The focus servo circuit 31a has the 
focus servo control start-timing (focus servo loop turn- 
on timing) thereof controlled by the system controller 
30. The control of the focus servo loop turn-on timing, 

w namely, focus servo pull-in operation, will further be 
described later. 

The focus OK circuit 31b is supplied with a pull-in 
signal PI and produces a focus OK signal based on the 
pull-in signal PI. The focus OK signal is indicative of a 
is window of a time of starting a focus servo control by the 
focus servo circuit 31a at a stage of focus search. More 
specifically, the focus OK circuit 31b detects, through 
comparison of a pull-in signal PI with a predetermined 
threshold by a comparator or the like, whether the laser 

20 beam is illuminated to the detector in a quantity above a 
predetermined level, and produces a focus OK signal 
when the detected quantity of light is above the prede- 
termined level. The focus OK signal is supplied to the 
system controller 30 which in turn will control the opera- 

25 tion of pulling in the focus servo. 

The tracking servo circuit 31c is supplied with a 
tracking error signal TE, and produces a tracking drive 
signal based on the supplied signal TE. This tracking 
drive signal is supplied to tracking drivers 18a and 18b 

30 which will thus be controlled to allow the laser beam to 
fall precisely on a selected track in the signal plane 102 
(or 112 or 120) on the disc D. Note that the tracking 
servo circuit 31c controls the tracking servo with a pre- 
determined phase characteristic by means of, for exam- 

35 pie, a DSP or the like. The system controller 30 changes 
the phase characteristic based on the type of a disc D 
loaded in the optical drive. Also, the tracking servo cir- 
cuit 31c is controlled by the system controller 30. It is 
supplied, from the system controller 30, with a signal 

40 indicative of a track jump destination, etc. to which the 
track is to jump. Track control is done with this track 
jump destination signal. 

The sled servo circuit 31 d is supplied with, for 
example, a tracking error signal TE and a control signal 

45 supplied from the system controller 30 to generate a 
sled error signal. A sled drive signal is produced based 
on the sled error signal. The sled servo circuit 31 d sup- 
plies the sled drive signal to a sled driver 16. 

The spindle motor servo circuit 31 e is supplied with 

so a spindle error signal SPE, and produces a spindle drive 
signal based on the supplied signal SPE. The circuit 
31 e will supply the spindle drive signal to a spindle 
motor driver 19. 

The laser power control circuit 31 f receives a signal 

55 of detected laser output from laser diodes 4a and 4b. 
The laser diodes have such a negative thermal charac- 
teristic that when driven with a constant current, they 
will provide a large optical output. Therefore, the laser 
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power control circuit 31 f follows an instruction from the 
system controller 30 to control the laser diodes 4a and 
4b for a constant laser output. The signal of detected 
laser beam output supplied to the laser power control 
circuit 3 1 f is an output from a monitoring photodiode, for 5 
example, which detects the laser outputs from the laser 
diodes. The laser power control circuit 31f produces a 
laser drive signal to laser drivers 20a and 20b via a 
switch 23. 

More particularly, the servo processor 31 compris- 10 
ing the above-mentioned control circuits produces and 
delivers a focus drive signal and tracking drive signal 
correspondingly to the focus error signal FE and track- 
ing error signal TE, respectively, to a selector 24 con- 
sisting of switches 24a and 24b each having terminals is 
T C o and t dv For a disc D being the CD 100, the termi- 
nals Tqq of the switches 24a and 24b are selected. For 
a disc D being the DVD 120. the terminals T DV of the 
switches 24a and 24b are selected. 

Accordingly, to read back the CD 100, a focus drive 20 
signal generated correspondingly to a tracking error sig- 
nal TE from the RF amplifier 21a is supplied to the focus 
driver 1 7a which in turn will drive the biaxial mechanism 
3a of the CD pickup 1a. Thereby, the CD pickup 1a t RF 
amplifier 21a. servo processor 31 and focus driver 17a 25 
will form together a focus servo loop. 

Also, when reading the CD 100, a tracking drive sig- 
nal generated correspondingly to a tracking error signal 
TE from the RF amplifier 21a is supplied to the tracking 
driver 1 8a which in turn will drive the biaxial mechanism 30 
3a of the CD pickup 1a, whereby the CD pickup 1a, RF 
amplifier 21a, servo processor 31 ad tracking driver 1 8a 
will form together a tracking servo loop. 

Furthermore, when reading the DVD 120, a focus 
drive signal generated by the servo processor 31 corre- 35 
spondingly to a focus error signal FE from the RF ampli- 
fier 21b is supplied to the focus driver 17b which in turn 
will drive the biaxial mechanism 3b of the DVD pickup 
lb. whereby the DVD pickup 1b, RF amplifier 21b, servo 
processor 3 1 and focus driver 1 7b for rri together a focus 40 
servo loop. 

To read back the DVD 120, a tracking drive signal 
generated by the servo processor 31 correspond ngly to 
a tracking error signal FE from the RF amplifier 21b is 
supplied to the tracking driver 18b which in turn will 45 
drive the biaxial mechanism 3b of the DVD pickup 1b, 
whereby the DVD pickup 1b, RF amplifier 21b, servo 
processor 31 and tracking driver 18b form together a 
tracking servo loop. 

The servo processor 31 supplies the spindle motor so 
driver 19 with a tracking drive signal generated corre- 
spondingly to a spindle error signal SPE. Based on the 
supplied signal SPE, the spindle motor driver 19 will 
apply, for example, a three-phase drive signal to the 
spindle motor 6 which will thus be made to rotate at a 55 
CLV (constant linear velocity). Further, the servo proc- 
essor 31 receives a spindle error signal from the system 
controller 30a to produce a corresponding spindle drive 
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signal which allows the spindle motor driver 19 to start 
or stop the spindle motor 6. 

Based on, for example, a sled error signal derived 
from a tracking error signal TE, an access execution 
control from the system controller 30, and so on, the 
servo processor 31 produces a sled drive signal to the 
sled driver 16 which in turn will drive the sled mecha- 
nism 8 correspondingly to the supplied sled drive signal. 
As shown in FIG. 2, the sled mechanism 8 is a block 
including the main shaft 8a, sled motor 8b, sled trans- 
mission gears 8c, 8d and 8e, etc. That is to say, as the 
sled driver 16 drives the sled motor 8b correspondingly 
to a supplied sled drive signal, the pickup unit 1 is 
allowed to correctly slide on the main and sub shafts. 

Also, based on an instruction from the system con- 
troller 30 and a detected laser output from the laser 
diodes 4a and 4b, the servo processor 31 produces a 
laser drive signal to the switch 23. For a disc D being the 
CD 1 00. the terminals T CD of the switch 23 are selected. 
For a disc D being the DVD 120, the terminals T DV of the 
switch 23 are selected. Therefore, any of the laser 
diodes 4a and 4b emits laser correspond ngly to a disc 
D to be read. 

The servo processor 31 is also supplied with a 
detected information from a skew sensor 1 0 to drive the 
skew motor correspondingly to the detected information 
from the skew sensor 10. 

The above operations such as servo control and 
decoding are controlled by the system controller 30 
implemented by a microcomputer. 

The system controller 30 receives a focus error sig- 
nal FE and tracking error signal TE from the RF amplifi- 
ers 21a and 21b via the switch 22. Having an internal 
analog-digital converter, the system controller 30 
detects the focus error signal FE and tracking error sig- 
nal TE, and acquires them as data. 

The system controller 30 controls the operations of 
the servo processor 31 and pickup unit 1 to achieve, for 
example, replay start and stop, track access, fast for- 
ward replay and fast reverse replay, etc. 

The optical disc drive is compatible with both CD 
and DVD. Therefore, the system controller 30 has also 
to discriminate which a disc D loaded in the drive is, CD 
100 or DVD 120. To this end, the system controller 30 
places the switches 22, 23 and switches 24a and 24b of 
the selector 24 to either the terminal T CD or T DV based 
on a result of disc discrimination for appropriate actua- 
tion of a pickup 1a or 1b, RF amplifiers 21a and 21b, 
laser drivers 20a and 20b, and tracking drivers 1 8a and 
1 8b provided as dedicated for the CD 1 00 and DVD 1 20, 
respectively. The disc discrimination by the system con- 
troller 30 will be further described later. 

Next, the optical drive compatible with both CD and 
DVD, embodied as in the foregoing, will be described 
herebelow concerning the focus servo control and pull- 
in of the focus servo. 

As having previously been described, the CD 100 
and CD-R 110 have their signal planes 102 and 112, 
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respectively, at a position of about 1.2 mm off the disc 
faces 105a and 116, respectively. On the other hand, 
the DVD 120 has the signal plane 122 at a position of 
about 0.6 mm from the disc face 1 28. 

For the sake of explanation, the CD 100 and CD-R 
will also be referred to as 1 .2 mm single-plate disc while 
the DVD 120 be as 0.6 mm laminated disc. 

The objective lens 2a in the CD pickup 1a is moved 
in a direction toward and/or away from the 1.2 mm sin- 
gle-plate disc CD 100, as shown in FIGs. 6A to 6C, so 
that the laser beam is perfectly focused on the signal 
plane 1 02 in the CD 1 00. 

Also, the objective lens 2b in the DVD pickup 1b is 
moved in a direction toward and/or away from the 0.6 
mm laminated disc DVD 120, as shown in FIGs. 7A to 
7D, so that the laser beam is in perfect focus on the sig- 
nal plane 1 22 of the DVD 1 20. 

Each of the CD and DVD objective lenses 2a and 
2b is moved from a bottom position shown in FIGs. 6A 
and 7A to a top position shown in FIGs. 6D and 7D 
within a focus searching range (stroke). The focus 
searching range is approximately 0.9 mm on an 
assumption that the perfectly focused position as in 
FIGs. 6C and 7C is taken as an initial reference position. 

If the objective lens 2 (CD objective lens 2a or DVD 
objective lens 2b) can be displaced to a position relative 
to the CD 100 or DVD 120 as shown in FIGs. 6A to 6D 
and 7A to 7D, a focus error signal FE and tracking error 
signal TE for each of the positions the objective lens 
takes will be obtainable as information on reflected light 
from the disc D. 

Also, since the reflected light at an optimum level 
can be detected when the laser beam is nearly perfectly 
focused as shown in FIGs. 6C and 7C, a reflected light 
having the shape of an S-curve can be detected as a 
focus error signal FE and a reflected light of an 
increased amplitude level be detected as a pull-in signal 
PI. When the laser beam is in perfect focus on the disc 
face 105 (or 128) as shown in FIGs. 6B and 7B, a 
reflected light from the disc face 105 (or 128) can be 
detected as well though its reflectance is low, so that a 
reflected light having the shape of a small S-curve will 
be detected as a focus error signal FE and a reflected 
light having a low amplitude level be detected as a pull- 
in signal PI. 

It should be noted that with the DVD pickup 1b for 
the DVD 1 20, the perfectly focused point is such that the 
laser beam is focused on the signal plane 122 of the 
DVD 120 being a 0.6 mm laminated disc and its position 
in the direction of the disc thickness is off the perfectly 
focused point for the CD 100. as shown in FIG. 7C. 

For such a focus servo control, the focus servo is 
pulled in first. This pull-in operation will result in a trian- 
gular wave as shown in FIG. 8A, which will be a focus 
drive signal, and in a forced move of the objective lens 
2a (or 2b) in the direction of optical axis within the focus 
searching range or stroke. Then, a reflected light having 
an S-curved shape as shown in FIG. 8B is detected as 



a focus error signal FE. The focus search will be 
effected within a focus servo pull-in range being a linear 
area of the S-curve, namely, within a range in which a 
focus OK signal as shown in FIG. 8C is generated and 
5 the focus error signal FE is about to cross the zero 
point It should be noted that the focus OK signal repre- 
sents that the pull-in signal level is higher than predeter- 
mined as mentioned in the foregoing. When the focus 
servo loop is turned on within the focus servo pull-in 
w range shown in FIG. 8D, a focus servo control for subse- 
quent perfect-focusing is assured. 

Next, the system controller 30 will function to dis- 
criminate a loaded disc D as will be described below: 
For such a disc discrimination by the system con- 
15 trailer 30, only the CD pickup 1 a is used to discriminate 
which a disc D loaded in the optical disc drive is, CD 100 
(or CD-R 110) or DVD 120. More specifically, the CD 
objective lens 2a is forced to move as in the focus servo 
pull-in operation in order to move the pickup 1a radially 
of the disc D if a focus error signal FE is a one detected 
when the laser beam is nearly in perfect focus, thereby 
detecting a tracking error signal TE. If such a tracking 
error signal TE is detected, the disc D loaded will be 
judged to be the CD 100 (or CD-R 110). If not, the disc 
D will be judged as the DVD 120. 

Namely the disc discrimination by the system con- 
troller 30 is achieved by utilizing the fact that the CD 100 
(or CD-R 110) is different in track pitch from the DVD 
120. More specifically, a tracking error signal FE is gen- 
erated through a calculation (E - F) of outputs from side- 
spot detectors E and F provided if a so-called three- 
beam method is adopted, and also it is generated as a 
push-pull signal, etc. from the quad detector. Thus, if a 
tracking error signal for the DVD 120 is detected when 
the CD pickup 1a is used, no tracking error signal can 
be detected for the track pitch of the DVD 120 is one half 
or less of that of the CD 100 (or CD-R 120). Therefore, 
by detecting a tracking error signal when the objective 
lens 2a is in a nearly perfectly focused point, it is possi- 
ble to discriminate which the loaded disc D is, CD 100 
(or CD-R 1 10) or DVD 120. 

Such a disc discrimination by the system controller 
30 will further be described below with reference to the 
flow chart in FIG. 9: 

After the power is turned on and various parame^ 
ters are initially set, the system controller 30 will wait 
until a disc D is loaded into the optical disc drive at a 
step S1 01. 

On loading a disc D, the operation proceeds to a 
step S102 where a CD pickup mode is set in which the 
CD pickup 1a is usable. Namely, the mode should be a 
one in which the switches 22, 23, and switches 24a and 
24b of the selector 24 are connected to the terminal 
T C r> Thereafter, the operation proceeds to a step S103. 

At the step S103. the CD objective lens 1a is forced 
to move up or down within the focus searching (stroke) 
range as in the focus servo pull-in operation. That is, the 
system controller 30 instructs the servo processor 31 to 
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start delivery of a focus search drive signal as shown in 
FIG. 8A. Note that the laser diode 4a will also start emit- 
ting laser beam at this time. 

While allowing the CD objective lens 1a to move up 
(or down) within the focus searching range (stroke), the s 
system controller 30 will acquire a focus OK signal as 
shown in FIG. 8C from the servo processor 31 at a step 
S104. If no focus OK signal is detected for a predeter- 
mined period of time, for example, 800 ms, the loaded 
disc D is judged as being the DVD 120 and the opera- 10 
tion is terminated. This is because if the disc D loaded 
is a double-layer one having two signal planes, no suffi- 
cient quantity of laser beam is reflected from the record- 
ing layer, so that a pull-in signal PI available at this time 
has such an amplitude considerably smaller than with is 
the CD 1 00 as not to reach a requisite threshold for pro- 
duction of a focus OK signal. Therefore, when no focus 
OK signal can be detected at the step S104, the disc D 
loaded will be judged to be the DVD 1 20. 

When a focus OK signal can be detected, it is 20 
judged at a next step S105 whether the level of a focus 
error signal FE supplied to the system controller 30 is 
higher than predetermined (for example, 200 mV). This 
means that for the system controller 30 to detect a track- 
ing error signal TE, the CD objective lens 2a should be 25 
located at a position near the perfectly focused point. 
Therefore, it is judged at this step S1 05 whether the CD 
objective lens 2a is present at such a location. If the 
focus error signal FE does not continuously keep a level 
higher than predetermined for a predetermined period 30 
of time, the loaded disc D is judged to be the DVD 120 
and the operation is terminated. When there is not avail- 
able a focus error signal FE having a level higher than 
predetermined, the disc D is judged to be the DVD 120 
for the reason that no sufficient laser beam is reflected 35 
from the recording layer of the disc D. 

When a focus error signal FE can be detected 
because the objective lens 2a is located near the per- 
fectly focused point, the sled driver 16 is supplied with a 
sled drive signal being a sled kick signal to drive the 40 
sled mechanism 8, thereby moving the CD pickup 1a 
radially of the disc D, at a step S106. Thus, the laser 
beam illuminated onto the disc D will move over a plural- 
ity of tracks. It should be noted that the objective lens 2a 
may be directly moved radially of the disc D by driving 45 
the tracking driver 18a, not by driving the sled mecha- 
nism 8 to move the CD pickup 1a. 

Also, if no tracking servo control is intended since 
the track on the disc D is usually eccentric, a tracking 
error signal TE (a so-called traverse signal) an be gen- so 
erated even with the objective lens 2a kept still. In this 
case, the sled mechanism 8 and tracking driver 18a 
need not be driven. 

When the sled mechanism 18 is driven to put the 
CD pickup 1a into radial movement, the system control- ss 
ler 30 will detect a tracking error TE at a step S107. 

Thereafter, it is judged based on the signal level of 
a detected tracking error signal TE at a step S108 which 



the loaded disc D is, a CD or DVD. The system control- 
ler 30 will sample the detected tracking error signal TE. 
If it is judged from the sampled data that the tracking 
error signal TE has a sufficient signal level, the system 
controller 30 will judge the loaded disc D as the CD 100 
(or CD-R 1 10). With a judgment that no sufficient track- 
ing error signal is generated, the system controller 30 
will judge the loaded disc D as being the DVD 120. 

As in the above, the optical disc drive according to 
the present invention is capable of discriminating an 
optical disc loaded therein by effecting the disc discrim- 
inating procedure through the steps S101 to S108. 

Furthermore, to start a data read or write following 
the judgment of a loaded disc as the CD 100 (or CD-R 
110) or DVD 120, the above step S108 may be followed 
by a pull-in operation to close the focus servo loop by a 
corresponding pickup. 

In the procedure through the steps S101 to S108, 
the CD pickup 1a is used. Thus, if the loaded disc D is 
judged to be the CD 100 (or CD-R 1 10), a pull-in opera- 
tion to close the focus servo loop can be effected simul- 
taneously with the disc discrimination, to focus a laser 
spot on the signal plane 102 (or 112). The flow of oper- 
ations for simultaneously discriminating the loaded disc 
and pulling in the focus servo will be described below 
with reference to the flow chart in FIG. 10. 

First, the operations in the above-mentioned steps 
S1 01 to S1 07 are done. 

If a tracking error signal TE can be detected at the 
step S107, it is judged at a step S1 09 whether the focus 
error signal FE has a level higher than predetermined. It 
should be noted that in this step S109, it is not judged, 
by sampling data from the detected tracking error signal 
TE, which the loaded disc D is, CD 100 (or CD-R 1 10) 
or DVD 120. The level of a focus error signal FE is 
judged to be lower than predetermined or not for the 
focus servo loop can not be pulled in when outside a 
focus servo pull-in range being a linear area of the S- 
curve, namely, within a range in which a focus OK signal 
as shown in FIG. 8C is generated and the focus error 
signal FE is about to cross the zero point If the level of 
the focus error signal FE is judged, at the step S109, to 
be lower than predetermined, the pickup 2a having 
started moving radially of the disc D at the step D106 is 
stopped from moving at a step S1 10. 

When the pickup 2a is stopped from moving, the 
focus servo loop is turned on at a next step S1 1 1 . 

Then, it is judged at a further step S1 1 2 whether the 
focus servo loop has successfully been pulled in. More 
specifically, the judgment is effected by checking the 
focus OK signal. If it is judged that the focus servo loop 
has successfully been pulled in, the operation goes to a 
step S1 13; if not, however, the operation goes to a step 
S116. 

At the step S1 1 3, detection of a tracking error signal 
TE is retried. 

When a tracking error signal TE is detected again, 
the detected data is collected at a step S1 14 to judge 
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the loaded disc D to be the CD 100 (or CD-R 110) or 
DVD 120. After completion of this judgment, readback 
of the CD 100 (or CD-R 1 10), if applied, is started at a 
step S1 15. Note that since the retry to detect tracking 
error signal TE at these steps S113 and S114 is just 5 
intended to confirm that the preceding procedure has 
successfully be done, the replay of the CD 100 may be 
started without retrying the tracking error signal detec- 
tion. 

At a next step S1 16, the disc D loaded is discrimi- 10 
nated to be the CD 100 (or CD-R 110) or DVD 120 
based on the data contained in the tracking error signal 
TE detected at the step S107. If the disc D is judged to 
be the CD 100 (or CD-R 110), the operation goes to a 
step S118 where disc replay or the like is started by 15 
retrying to pull in the focus servo loop by the CD pickup 
2a. If the disc D is judged as the DVD 120, the operation 
goes to a step S117 where disc replay or the like is 
started by retrying to pull in the focus servo loop by the 
DVD pickup 2b 20 

As having been described in the foregoing, the opti- 
cal disc drive according to the present invention can 
read or write data from or into a previously loaded disc 
D in a reduced time since the disc discrimination and 
CD focus servo loop pull-in operation are done simulta- 25 
neously in the procedure followed by the system con- 
troller 30 in the steps S101 through S1 18. 

FIGs. 1 1 to 13 show waveforms of a focus OK sig- 
nal, focus error signal FE and tracking error signal TE, 
respectively, generated by the system controller 30 30 
when discriminating a loaded disc D. In FIGs. 11 
through 13, the waveforms (a), (b) and (c) indicate a 
focus OK signal, focus error signal FE and a tracking 
error signal TE, respectively. 

FIG. 11 shows waveforms observed when the 35 
loaded disc D is the CD 100 (or CD-R 110). When the 
CD 100 (or CD-R 1 10) is loaded in the optical disc drive 
according to the present invention, a tracking error sig- 
nal TE indicated with (c) is generated as shown in FIG. 
1 1 . Thus, the loaded disc D can be judged to be the CD 40 
100 (or CD-R 110) through detection of the tracking 
error signal TE. 

FIG. 12 shows waveforms observed when the 
loaded disc D is a single-layer disc DVD 120. When the 
DVD 120 is loaded in the drive, a focus error signal FE 45 
indicated with (b) is generated of which the level is 
higher than predetermined. However, little tracking error 
signal TE is found in this case. Thus, the loaded disc D 
can be judged to be the DVD 120 through detection of 
the focus error signal FE. 50 

In the aforementioned optical disc drive compatible 
with both CD and DVD, an embodiment of the present 
invention, the pull-in of the focus servo loop is started 
using only the CD pickup la, and a tracking error signal 
TE, generated when the pickup 1a comes to a position 55 
near the perfectly focused point, is detected. Through 
this detection of a tracking error signal TE, the loaded 
disc D is discriminated to be a CD or DVD. Thus, this 
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optical disc drive can achieve the disc discrimination 
without using any sensors or special parts for disc type 
discrimination, which means no addition to the costs of 
manufacturing the optical disc drive. Also, a high speed 
of disc discrimination can be attained as the disc dis- 
crimination is done by actuating only the CD pickup 1a. 
Further, with this optical drive, the time required until 
start of reading a previously loaded CD can be reduced 
since a simultaneity of the disc discrimination and focus 
loop pull-in can be attained. 

In the foregoing, one embodiment of the optical disc 
drive according to the present invention has been 
described. However, the present invention is not limited 
only to this embodiment but may be modified or varied 
in many other forms without departing from the spirit 
and scope of the claimed inventions. 

As one example of the possible embodiments of the 
present invention, an optical disc drive having two pick- 
ups 1a and 1b independent of each other has been 
described in the foregoing. However, one pickup as a 
whole may not be dedicated for each type of optical 
discs. In this case, only certain elements of the pickup 
including at least the laser source and objective lens are 
arranged for dedicated use with each type of optical 
disc while the other elements are commonly used for all 
types of optical discs. 

Also, the present invention has been described with 
respect an embodiment compatible with CD 100 (or CD- 
R 110) and DVD 120. However, the such optical discs 
are not only limited to the CD 100 and DVD 120. They 
may include, for example, CD-ROM, CD-RAM to and 
from which data can be written and read, etc. and DVD- 
ROM, DVD-RAM. DVD-R, etc. as well. Namely, the 
method of disc discrimination included in the present 
invention may be applied for discrimination of an optical 
disc loaded in the optical disc drive to be a one compat- 
ible or not with the optical drive. 

Claims 

1. An optical disc drive compatible with a plurality of 
types of optical discs of different track pitches to 
write and/or read data into and/or from a loaded 
one of such optical discs, comprising: 

a first pickup provided for a first optical disc 
having a first track pitch; 
a second pickup provided for a second optical 
disc having a second track pitch smaller than 
the first one; 

a focus servo circuit to control a focus servo of 
the first and second pickups and pull in the 
focus servo, based on a focus error signal; 
a tracking servo circuit to control tracking of the 
first and second pickups based on a tracking 
error signal; and 

a control circuit to start pulling in the focus 
servo using the first pickup with respect to an 
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optical disc loaded, detect, based on the focus 
error signal resulted from the focus servo pull- 
in operation, that the first pickup is in a nearly 
perfect focus, move the first pickup radially of 
the disc when the first pickup is in the nearly 5 
perfect focus, and judge the loaded optical disc 
as the first one when a tracking error signal is 
detected during the radial move of the first 
pickup, or as the second one when no tracking 
error signal is detected during the radial move 10 
of the first pickup. 

2. The optical disc drive as set forth in Claim 1, 
wherein the control circuit continues, when it judges 
the loaded optical disc as the first one, the opera- 75 
tion, once started, of pulling in the focus servo 
using the first pickup. 

3. The optical disc drive as set forth in Claim 1, 
wherein the control circuit allows, when it judges 20 
the loaded optical disc as the first one, the focus 
servo circuit to effect the operation of pulling in the 
focus servo using the first pickup. 

4. The optical disc drive as set forth in Claim 1. 25 
wherein the control circuit allows, when it judges 
the loaded optical cfiscasthe second one, the focus 
servo circuit to effect the operation of pulling in the 
focus servo using the second pickup. 

30 

5. An optical disc drive compatible with a plurality of 
types of optical discs different recording densities to 
write and/or read data into and/or from a loaded 
one of such optical discs, comprising: 

35 

a pickup means provided with a first light 
source to provide a laser beam of a first wave- 
length, and a second light source to provide a 
laser beam of a second wavelength shorter 
than the first one. and which radiates a laser 40 
beam from the first or second light source to an 
optical disc loaded in the optical disc drive; 
a servo processor for controlling focus and 
tracking servos of the pickup means based on 
an focus error signal and a tracking error signal 45 
both contained in the reflected beam from the 
optical disc; and 

a means for discriminating the type of a loaded 
optical disc based on the level of the tracking 
error signal. 50 

6. The optical disc drive as set forth in Claim 5, 
wherein the discrimination circuit further discrimi- 
nates the type of an optical disc loaded in the drive 
based on the amount of the return beam from the 55 
optical disc. 

7. The optical disc drive as set forth in Claim 5, 
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wherein the optical discs include a first optical disc 
having a first track pitch and a second optical disc 
having a second track pitch smaller than the first 
one, and wherein the pickup means includes a first 
objective lens corresponding to the first optical disc 
and a second objective lens corresponding to the 
second optical disc. 

8. The optical disc drive as set forth in Claim 7, 
wherein the discrimination circuit allows the pickup 
means to radiate a laser beam from the first light 
source to one of the first and second optical discs 
through the first objective lens, and controls the 
servo processor to move the first objective lens in a 
first direction toward or away from the optical disc. 

9. The optical disc drive as set forth in Claim 8, 
wherein the discrimination circuit judges a loaded 
optical disc to be the first or second one based on 
the level of a focus error signal generated during 
the move of the first objective lens in the first direc- 
tion. 

10. The optical disc drive as set forth in Claim 8, 
wherein the discrimination circuit further controls 
the servo processor to move in a second direction 
along the radius of the optical disc during the move 
of the first objective lens in the first direction, and 
thus judges a loaded optical disc to be the first one 
or not based on the level of a tracking error signal 
generated during the move of the first objective lens 
in the second direction. 

11. The optical disc drive as set forth in Claim 8. 
wherein the discrimination circuit discriminates a 
loaded optical disc to be the first one or not, based 
on the level of a tracking error signal generated dur- 
ing the move of the first objective lens in the first 
direction. 

12. The optical disc drive as set forth in Claim 11, 
wherein the discrimination circuit controls the servo 
processor to close a focus servo loop by driving the 
first objective lens when the loaded optical disc is 
discriminated to be the first optical disc. 

13. A method of discriminating a plurality of optical 
discs of different track pitches, comprising the steps 
of: 

moving an objective lens in a direction toward 
and away from an optical disc loaded in an opti- 
cal disc drive; 

radiating a laser beam from a light source to a 
signal plane of the optical disc through the 
objective lens being moved; 
detecting a tracking error signal contained in 
the reflected beam from the signal plane; and 
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discriminating the type of the loaded optical 
disc based on the level of the detected tracking 
error signal. 

14. The method as set forth in Claim 13, wherein the s 
objective lens is also moved radially of the optica! 
disc at the step of moving the objective lens. 

15. The method as set forth in Claim 13, wherein the 
objective lens and laser beam wavelength corre- 10 
spond to an optical disc of a predetermined track 
pitch. 
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(54) Optical disc drive 

(57) An optical disc drive is provided which is com- 
patible with a plurality of types of optical discs different 
in track pitch from each other to write and/or read data 
into and/or from a loaded one of such optical discs. It 
comprises a first pickup provided for a first optical disc 
having a first track pitch; a second pickup provided for a 
second optical disc having a second track pitch smaller 
than the first one; a focus servo circuit to control a focus 
servo of the first and second pickups and pull in the 
focus servo, based on a focus error signal; a tracking 
servo circuit to control tracking of the first and second 
pickups based on a tracking error signal; and a control 



circuit to start pulling in the focus servo using the first 
pickup with respect to an optical disc loaded, detect, 
based on the focus error signal resulted from the focus 
servo pull-in operation, that the first pickup is in a nearly 
perfect focus, move the first pickup radially of the disc 
when the first pickup is in the nearly perfect focus, and 
judge the loaded optical disc as the first one when a 
tracking error signal is detected during the radial move 
of the first pickup, or as the second one when no track- 
ing error signal is detected during the radial move of the 
first pickup. 
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